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Abstract
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In this study, we aimed to investigate the relationship between insulin resistance and vitamin D, vitamin B12 and ferritin levels. Between January 2022 and October
2023, 322 patients (133 females, 189 males) between the ages of 3-16 years who were admitted to the Pediatrics outpatient clinics of Izmir Bakircay University
Cigli Training and Research Hospital were included. Pediatric patients with no known chronic disease and measured vitamin B12, vitamin D, ferritin and HOMA-
IR levels were retrospectively included in the study. Individuals with HOMA-IR<2.5 were considered as (normal) controls and those with HOMA-IR>2.5 were
considered as insulin resistant children. HOMA-IR groups were predicted with an accuracy rate of 0.80 with the Random Forest (RF) algorithm, one of the
machine learning algorithms. In addition, the highest contribution of RF to the determination of HOMA-IR with the SHAP analyzer was found to be provided by
age, followed by vitamin B12. The results of the study revealed that vitamin B12, vitamin D, ferritin level and age are important factors on insulin resistance. Early
vitamin D, vitamin B12 and ferritin replacement is important for the control of metabolic diseases in the future.
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Introduction

Insulin is a polypeptide hormone produced by B cells in the islets
of Langerhans of the pancreas that works in coordination with
glucagon to regulate blood sugar levels. Insulin regulates glucose
levels in the bloodstream and triggers glucose storage in the
liver, muscles and adipose tissue, leading to overall weight gain
[1]. Insulin resistance is a metabolic condition resulting from
impaired response of insulin-related target tissues and organs
to insulin stimulation. It can occur in all tissues with insulin
receptors, but the target tissues mainly affected are the liver,
skeletal muscle and adipose tissue [2].

Vitamin B12 is a complex organometallic compound consisting
of a cobalt atom enclosed in a corine ring. It cannot be
synthesized in the human body and must be obtained through

diet [3]. Its source is animal foods. The most important functions
of vitamin B12 are its role in erythropoiesis, cell division
through DNA synthesis, myelinization of the nervous system
through s-adenosyl methionine synthesis and epithelialization
of the gastrointestinal tract [4]. Vitamin B12 deficiency in the
population is between 3% and 40%. In children; 160-200 pg/
mL for vitamin B12 is considered as deficiency and below 160
pg/mL is considered as severe deficiency [5]. Clinical pictures
resulting from vitamin B12 deficiency are categorized in two
main groups: hematologic and neuropsychiatric disorders.
Symptoms may include weakness, fatigue, vomiting, diarrhea,
constipation, anorexia, impaired neurocognitive functions,
mental and motor retardation [6]. In vitamin B12 deficiency, it
is known that neurological findings occur in 20-30% of patients
without anemia clinic [3].
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Ferritin is critical for maintaining body iron balance and regulation
and its dysregulation is a biomarker directly associated with iron
deficiency (ID) and hemochromatosis. Ferritin is also associated
with many metabolic diseases such as obesity [7].

Vitamin D regulates serum Ca levels and helps bone development.
Adequate amounts are therefore vital for maintaining overall
health. Vitamin D is synthesized either endogenously in the
body or through diet and supplements. Vitamin D significantly
promotes osteogenesis [8]. Vitamin D acts like a steroid hormone,
controlling more than 200 genes and affecting many endocrine,
metabolic, cardiovascular, autoimmune mechanisms [9].

Machine learning algorithms are engineering-based algorithms
and are used in many topics such as age prediction, gender
prediction, disease prediction in current studies in the field of
health [10,11].

Although there are many studies on the link between vitamin
D and insulin resistance in the world, there are few population-
based studies on the link between vitamin B12 and ferritin and
insulin resistance. In this study, we aimed to determine whether
there is a link between age, vitamin B12, vitamin D and ferritin
levels and insulin resistance and to guide early diagnosis and
treatment.

Material and Methods

The study was performed by retrospectively examining the blood
results of 133 female and 189 male children aged 3-16 years who
were admitted to the Department of Pediatrics, izmir Bakircay
University Cigli Training and Research Hospital. The study
was approved by the decision number 1300 of Izmir Bakircay
University Non-Interventional Local Ethics Committee.
HOMA-IR, ferritin, vitamin D and vitamin B12 levels were
screened in children. Individuals with HOMA-IR<2.5 were
considered as (normal) controls and those with HOMA-IR>2.5
were considered as insulin resistant children. Study groups were
selected randomly and retrospectively among 2000 patients who
applied to our hospital between 2022-2023. As an exclusion
criterion, individuals' absence of HOMA-IR, ferritin, vitamin
B12 and vitamin D blood findings was selected. Groups were
selected based on HOMA-IR levels.

Fasting Blood sugar x Fasting Insulin
HOMA-IR= 105

Equation 1. HOMA-IR formula
Design and implementation of machine learning algorithms

Machine learning algorithms were implemented using a personal
computer with a Monster Abra model and Windows operating
system. For algorithm modeling, Python 3.9 programming
language and scikit-learn 1.1.1 framework were used. In
modeling, 20% of the data was reserved as a test set. Machine
learning algorithm models such as Decision Tree (DT), Random
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Forest (RF), Extra Tree Classifier (ETC), K-Nearest Neighbors
(k-NN) Linear Discriminant Analysis (LDA) and Quadratic
Discriminant Analysis (QDA) were preferred. The power of the
models to reveal insulin resistance was obtained by the following
formalization.

TP
TP+FN+FP+TN

Acc=

PrecisionxRecall
F1=2 ———

Precision+Recall

Equation 2. TP: true positive, FP: falsepositive, TN: true negative, FN:
falsenegative

In addition, the tree structure of the DT algorithm and the SHAP
analysis of the RF algorithm were included in the study.

Statistical analysis

Anderson Darling test was used as normality test. Median
(minimum-maximum) values were used for descriptive statistics.
Mann Whitney-U test was used for pairwise comparisons.
The relationship between the parameters and the degree of
relationship were evaluated using Spearman rho correlation test.
In the analyses, p<0.05 was considered significant and Minitab
17 and SPSS 21 statistical programs were used.

Results

In this study in which 161 (109 males, 52 females) controls and
161 (80 males, 81 females) individuals with insulin resistance
were analyzed, it was found that all of the data were not normally
distributed. Descriptive statistics of the parameters and Mann
Whitney U test results are given in Table 1. As a result of Mann
Whitney U test, it was found that all parameters showed a
significant difference in terms of HOMA-IR grouping (p<0.05).

The relationship between parameters and the degree of
relationship were analyzed with the Spearman rho correlation
test and between Ferritin and gender and age, between vitamin
D and age, between vitamin B12 and age and vitamin D, and
between HOMA-IR and age, gender, vitamin D and Vitamin
B12. A significant relationship was found (p<0.05). Among
these relationships, the one between HOMA-IR and age had a
moderate relationship (r = 0.674), (Table 2).

As a result of machine learning algorithms analysis, the highest
accuracy rate was found to be 0.80 with RF and DT algorithm
(Table 3).
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Table 1. Descriptive statistics and pairwise comparison table

Parameters HOMA-IR Group Median (minimum-maximum) p*
Control 6 (3-16)
Age 0.000
Insulin resistance 13 (3-16)
Control 0.8 (0.1-2.4)
HOMA-IR 0.000
Insulin resistance 4.1 (2.6-10)
Control 32 (5-226)
Ferritin 0.024
Insulin resistance 41 (5-257)
Control 28 (10-59)
Vitamin D 0.000
Insulin resistance 20 (7.3-41)
Control 518 (184-1166)
Vitamin B12 0.000
Insulin resistance 377 (150-1149)
*Mann Whitney U

Table 2. Spearman rho correlation table

Parameters Gender Age Ferritin Vitamin D Vitamin B12
0.080
Age
0.152
-0.145 0.218
Ferritin
0.009 0.000
-0.031 -0.340 -0.025
Vitamin D
0.576 0.000 0.650
-0.024 -0.410 -0.021 0.232
Vitamin B12
0.661 0.000 0.706 0.000
0.126 0.674 0.107 -0.323 -0.357
HOMA-IR
0.024 0.000 0.055 0.000 0.000

Table 3. Analysis of machine learning algorithms

Algorithms Acc Spe Sen F1

RF 0.80 0.80 0.80 0.80
DT 0.80 0.80 0.80 0.80
k-NN 0.77 0.78 0.77 0.77
ETC 0.74 0.74 0.74 0.74
LDA 0.74 0.74 0.74 0.74
QDA 0.71 0.71 0.71 0.71

RF: random forest, DT: decision tree, k-NN: k-nearest neighbors, ETC: extra tree classifier, LDA: linear discriminant analysis, QDA: quadratic discriminant analysis

As a result of the RF and DT algorithm, 27 of 33 individuals in  of the RF algorithm and it was found that the highest contribution
the control group and 25 of 32 individuals in the insulin resistance ~ was provided by age, followed by vitamin B12 (Figure 2).

group in the test set were correctly predicted (Figure 1). The tree branching of the DT algorithm is shown in Figure 3. The

The effect of parameters was investigated using the SHAP solver ~ biggest contribution is again the age parameter.
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Figure 1. Confusion matrix table of RF and DT algorithm
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Figure 2. SHAP solver of the RF algorithm (Feature 0: age, 1: ferritin, 2: D vit,
3: B12 vit)
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Figure 3. DT algorithm tree modeling

Discussion

In this study examining the relationship between HOMA-IR level
and vitamin B12, vitamin D, ferritin and age, an accuracy of 0.80
was obtained with RF and DT algorithms from machine learning
algorithms. In addition, it was determined that age, vitamin B12,
vitamin D, ferritin and ferritin contributed to the determination
of HOMA-IR level from high rate to low rate, respectively.

The increase in insulin resistance syndrome in recent years
suggests that environmental factors are important [12]. In a
systematic review study by Van der Aa et al. it was reported that
the overall prevalence rates of insulin resistance ranged from
3.1% to 44% in children and adolescents and that it was more
prevalent in females than in males due to the physiology of
puberty [13]. Adolescence is thought to increase the risk of IR.
Arslanian et al. showed that despite similar degrees of adiposity
and glycemic status, the rate of insulin resistance was higher
in obese adolescents than in obese adults [14]. Children and
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adolescents with obesity and insulin resistance are more prone to
impaired glucose tolerance than those with obesity but without
insulin resistance [15]. In our study, age was found to be the
biggest factor in determining HOMA-IR with the SHAP analyzer
of the RF algorithm.

Insulin resistance can lead to secondary metabolic disorders such
as hyperglycemia, hyperuricemia, endothelial dysfunction and
hypertension [16-20].

In a prospective study, 7791 patients aged 50-74 years were
followed up for 8 years, 829 developed Type 2 Diabetes Mellitus;
a significant and decreasing dose-response relationship was
observed between Type 2 Diabetes Mellitus and vitamin D level
in women with vitamin D <40 nmol/l, in contrast to men [21].
Sisman et al. 2019, an inverse correlation was found between
vitamin D level and HOMA-IR [22]. In our study, a significant
relationship was found between vitamin D and HOMA-IR level.
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There is a complex relationship between ferritin and the
metabolic syndrome, which remains unclear. Excess iron,
which can manifest as high ferritin concentration, is associated
with insulin resistance, which plays an important role in the
development of metabolic syndrome. Iron is a transition metal
that catalyzes radicals associated with oxidative stress/damage,
resulting in the generation of reactive species [23]. There are
several studies showing that high ferritin concentrations are
associated with obesity. A US study showed that ferritin was
associated with various body fat distribution and obesity indices
[24]. It has shown that high ferritin levels are a consequence of
chronic inflammatory reactions, as well as a result of increased
iron stores [25]. A prospective cohort study in Korea showed that
high serum ferritin levels may be a predictive factor for obesity
in non-obese men over a 5-year follow-up period [7]. Studies in
the literature show the relationship between ferritin and diabetes
[26-28]. In 2014, a cross-sectional study of 8,235 participants in
China reported that higher ferritin levels were associated with
higher diabetes risks, higher HbAlc levels and higher HOMA-
IR [29]. Liu et al. found significantly higher insulin resistance in
adults with high ferritin levels in their study [30]. In this study,
we found that ferritin level had a significant relationship between
the control group and the insulin resistant group.

Limitations

Limitations of our study include the fact that factors affecting
vitamin D levels such as climate, season, weight, ethnicity and
lifestyle were not taken into account.

Conclusion

In conclusion; vitamin B12, vitamin D, ferritin and age are
associated with insulin resistance. Maintaining optimal levels
of vitamin D and vitamin B12 may protect against metabolic
diseases and ensure healthier generations in the future. At the
same time, ferritin level may be a parameter in the screening and
follow-up of metabolic diseases and may increase our chances of
predicting and following metabolic diseases with less cost.
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